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(57) Abstracl 

In order to produce a wafer comprising a device which hns a Ge-conlaining semiconductor film and a wafer comprising a SiCMOS 
device , which has no Ge-containing semiconductor film in a common production line, the wafer having a substantially exposed 
Ge-containining layer is treated at a high temperature of more than 700 ^'C after the Ge-conlaining semiconductor film is covered with a cap 
layer such as of Si. The cap layer may be formed in the common production line, but it is formed in another production line when the 
formation is conducted at a high temperature of more than 700 "0. The formation of the cap layer and the high temperature treatment at 
more than 700 **C may be both conducted in different production lines from the common one. Only the high temperature treatment may be 
carried out in another production line. 
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y 'J 3 :^^^b^?§flt©-r -SXig;!)* 7 0 0*C UTcDi£ST"ec5C V D fj: J: o T 

nut^ti^m-^i^m^ 04 ( b ) , ( c ) j^cDXig^-r^T^M^ -r y 

kJ<±(0 h V y^^n. 2 0 ?&?^fi!c-r5^SJ- J: t)> SiMlSN SiGeCJil 
4. SiGeJilSs Si;il7d^\^'!rNMOSh^yv^7>^{Bij£DSiJI13 
SiGeCJil4nx SiGe^lSn. Si®17ni:> PMOSh^V'. 
£/;^^{ilJ<DSi^l3p^ SiGeCjil4px SiGeJil5p> Sigl. 7 
P .tlw^gtt^nSo ^h\Z. g'fblg|3 2, /N°-y K^fbMS 1 ?r^5fet/c^v S i 
®l7n. 1 7 pCD^ffl 'Sr^^btxy- M"fe^tJl 1 9 n , 1 9 p $r ^ ti -^-'ia^^fiK 
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tad) ~ (S) CD I ^ -rn $f ii fc f «w /j: ^ T c ^ s o 

h ^feJi^JBi 1 9 n , 1 9 p 0±fcy- h 1 8 n , 1 8 p ^ -ttl-irtlB'M.t 
-5 o -?r H I8n, I8p^rv7.^t L 't ^ NMO S \- y 7. 

Mizit-. ') ^ > ( p+ ) cD-JiAt-cfc ip N V ;^ • K V -Y ^-^Jli 1 6 n^B 

^Ln PMOSh^ X ^ #J fw ti > ;i<a ;/ ^ > ( B+ ) <D^iA<- J: 0 ^ V - 
X ' K 1 6 p !gr -en-^fn^^^f So NMOS h ^ y i^:^^ <DV -7s • 

K U-f V^i^ 1 6 n (Dm^lt4>tL < th S i G e CM 1 4 n U T^^Ji 

^ ^ hUi^tiia: X < ^ PMos h y (Dy - 7^ ■ yu^ y^i$. i.e p 

^^:^j:<<!;I>s iGeJflSpP^O^+'JT WmM ^ K> t> ^ tUf .fc o o - 

ntis S iGeCMl4ns S iGejil5prtO#=t--^U T^^Jif^l^ ^ 

?^ fiSc $ H -5 fc to -e * ■& o 

^{^s 0 4 ( e ) ^C:S^•rX@■r•^ y- h i^^l^ 1 9 n . 1 9 p CD 9 > V - 7. • 

K u-f v^igE 1 6 n , 1 6 p <D±;^<Dgp^Jc^P 12 4 ( f ) i::^-rx 

St. y- hi^i^J^ 19n. I9pC0§iP(C:s V-;?>- KU-f VMM 2 1 n, .2 
1 p $r-?:n-en?^^1-?>o Ci<^fc^> y-x- KH'i^m^2 1n. 2 1pt:m 

00—1000 'C)o t :L^t-^^ y-h ifefei^il 19n. 19p09-feV-X'K 
U-f 1 6 n , I 6 p cD±;5<DgP^fC|f □'Sri^fiStl-Sl^iCs ;f -/<-x 

y J: o T S i ® 1 7 n . 1 7 p ® /# ❖ < /j: !9 s V - ^ ■ K U ^ ^U^l 
6n, 16p!^<3!)SiGeJil5n. 15p 75^ e§^4'^<^ G e CD^tfed*^ b S ii 

-ent>*So -^-c-e^ v-x • ku-i' yMm^Mm.-r ^xm^^m^ ^ ytit^i 

<D^ ^ yX-rfUr) :i t^HJ-t Ll^o fttzL^ CMO s T-v^-f X©MiiXg^C*>l^ 
■r^ V-X- K H" ymil^?^fiS,-r SXig-tr> G e ?i^-S't4^1i^CD S i.SrtJCl'SA 
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^ A^hU^HCMO S T-'/N' 7. zl^' fig $ tl <5 o 

TIN § H C M O S ;^ CD^itX^(Z5^ 2<DMi*^^J?^S^t'SfT®I2lT3b-5o _ 

JSr-Y :t y^feAJr J: 0 ?l^fi!S-rSo CiOXigtis mncDCMO S r-'^<-( ^ 

^IZ^ 05 ( b ) fC^-rXig-fx #C^>'H 1. 1 2±ICs UHV-CVD?* 
JZIJ: 0 5 K - M -a- ti- SiMlS^s SiGeCei4(Ge:8. C 
: 1 %) ts S i G e m 1 5 ts S i M I 7 t ^ ^ tl ^ tl^M ^ ^ o Z <D S i 
mi 7 i±^ ^©X@-t S i G 1 5 ?!l^^®6i)tr^tB^ S CO^ P;& <' ^ci6{3^ ^J;t 

fi' ± taa)'-® ® t ^ -rn & SI "T <i?^ T* s o 

^i^M ) ;i*J^fle$nT*i 0> Si^l3i:Si.GeCjil4.h OfBltr ti ^i^i^ 

•i-t s i G e ma^ ^^<i.^ ^i^B^^tiXi^ ?>AU ^-^-r < ^?>7t 

{i ^ 1 c7) f*; i: IrI 1^ tr J'J: t3 n S o 
^{Z-. PMOS hvyi^><.<S's NMOS ^M^^ iz^^^M-t ^ fz 

. mitms 2. h'mitms i <d--^ cmm^m^) izmn^^^-r^m^iz 
z-?^ y-^ht^m^ mitms 2Tk-7 7.^ thx^ 1^:^(0 s 1 m 1 7 , s j g e 

SiGeC^14. S i Ji 1 3 if O — gP^S: x -y -5^ y ^'fi: J; K) L X 
. M^MJ^^^o ZCDt mcomm\Z\i^ S iGeC^14^S iGeillS 

niKiz^ mb { c ) iZTT^irxm-v. &m(o±m±iz, T^^mmitmms 3^]^ 
t T^^mmitms 3 ^tj^bk-t sxigia^ 7 0 o~8 0 o'cmm<omuii&m 
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la 5 ( d ) iZ^.-tJLMX^ CUP tj. tiZJ: T^fiffr -5 Z t iZ J:_t> 

U±0 h P V^^8I2 5 =Sr?^^-r ^^asi:: J; 0 ^ S i Ji i 3 ^ s i G e l 

4s SiGeJllSs Si^l7 ig-'!? NM O S h v :/ i> X ^ S i Ji 1 3 
ns S iGeCMl4ns S iGeJ115n> S i M I 7 n PMOSf-7>' 
■:^x4?{|IJcDSi;il3ps SiGeC)114p\ SiGeillSps Si^l? 

p t izj^m^n^o ^ e m^tms 2, ^N-y F^^tsiKs 1 =srl^^*b^t^^ s i 

Ml7n, 1 7 p <D^® ^^ibUry- h iSfeJ^jli 1 9 n , 1 9 p ^ ^tl-t'tlM!^ 

ir^o z (DJimm^m =7 ^ yxnut>in^o 't<Dtci6iz^ m5 (b) 

s i g 1 7 (Dmmii.. m^mitizii ^m^<DsmK>^i>^mvx. ± 

- H B T CD lait X@ - 

i!«jiws H B T ( ^-T io/<^ t'-y Y ^ y'J:K^ ) (DSSatX@^;:i>H^T^ p x 

ruigg-r^o lae (a) ~ (k) it^ ^-xjg**s i Ge {;i<i; -p r^i^snr o 

^ -Ts He ( a ) Iw^x-rXgT's S i ^154 1 f^fCli^iiSO n M^M^TJ^iiA 

^m^^ti ^ ^'y^ ji'f&M^-^x. z<Ds imi^^m(^±izmi. m2m^m^ 

Rel, ReZ^^mtsh O C O S 1^ 4 2 ^mf^t?>o tLX^ f ^ + fiJt S $ 
n?t S i #|g^HlK(is ,m 1 Ogtt^i^RelTli S i=i^^^^43bi:j'i«9s m 
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2 cOrSl^^itR e2T'li =i U ^ ^ 9 ^j- - J^MA 3 c ttj. o T ^ o 0 6 ( a ) \Z7jk 

^iZs me ( b ) iZTsk-rxmr. a«<^ifc®±t-> UHV-CVD^£|ZJ;tl^ 
tH □ V ^; K- 7" t /iJ* 5 0 n m O p M S i G e ^ 4 4 t s \) h' - ^ L tz 
1 50nm©S i®45<i: t: ^ + ^ ^V^gjr,}; 0 ?^fig-r-5o Jl 

c^NFs S i G e if 4 4 J^Ch* S i ® 4 5 iis U yg®?5>'^tli L /tgB^®±"^ i± 
^iSS1^1?*'9> L O C O S j|i4 2 cD±lC{i#'fg^J^T*^ C CD t # > S. i G 

eji44&0's iM44 & J^fig-T -5 X^gfix -i ^ t gij Ifttt e>n/i#ffi 

VT'^fr/j: t?n^o -to^x 13 6 ( e ) J::^-r ^ 1? ^ giJ^'fvT'ft 
/j: t> ti. S o 

iJRfC. [216 ( c ) {::5^-rxa-r. S iGe®44S.C;«S ijf4 SO^-feSt*'^ 

•y V ^J-' ct o T ^*-r -5 o 

^{::s 121 6 ( d ) {C5^^XST*s &^<D±m±.\z 8 o y-gr-i-ti-B S 

G ( Boron Sil icate Glass) J3i 4 6 ^^jEC V D 5S J; *3 ® $ 2 0 0 n mfc•^:^• 
itaLfc^^ 7 * h y V:/7 7 ^ -X@5ia^K7^ J^y^Vi^XglCj: 0. BS 
GIK4 6 Sr/N-^ - - y^/tTs BSGM46«>-5-fe^2 © Stt^l^ R e2©S|5^ td: 
r^®e^Jf::|^*-r -S — BSG|^4 6<^)o-femi ®gtt'^i$^Rel<^±lc:i 5 y 

« 

tKiZ^ me ( e ) {C^^X@T-s C V D^J:: J; ip X ^ CO 0^ Ji J? ^ 1 0 

o n m<Dum^itm4 7 -^mnT^o z<Dummit^4 l ti^Xg-CO B S gi^ 

4 6 ^ ©si-: a yJKitOl^fcis B S G 4 6 ^ tfi o y jj-s {:t til L s 

y =J y^®;5^*iStli t/cg|5^lw#*b-CN iw&ffic-r S C .k S:P;&±-r Silt =1: 

•t^o '(^^MIblK4 7 75*?^^$ nfc^^{^^ 7 0 0*C J;l,±©iSSmT-e©M3l 

j5-'fT''j:^tlT |3 > {^Mie-fbH 4 7lCj;oTGe ;&■>' ^ ft> H ^ "T -5 © I® it ^5 n S 

l&^iZ., me ( f ) fw^^X^T's R T A (Rapid Thermal Anneal ) ^iZ ^ 
9 5 O'Cf 1 Om^<om^M^n^^'. BSG.Il46»f©;^'Dy?fcS iBA 

5 iGe^44Si/rJU':i'^ii43 b F*3 J£ if $ -ti: -5 o C ©XgtC J; |9 > n M© 
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4 8 x. 4 8 z ti p M{-S$5 S i G e ® 4 4 -9 t> B S Gili4 6 ©T:^lc:& 

Ht--5 gp^4 sylt pm^mn^mmii'^ ^izm< ri&t&iin.itt ^ o -&©3^m 

s Sijl45. S i G e Ji 4 4:&CK=i L' ^ .^^ Jg 4 3 b f*ICD#SI5^4 8 X , 4 8 y 
, 4 S z KM^i^^^- 4 8 h ii^'Bf^^tl^o t f^. S i M 4 5 © 9 t> B S 

A 7 ^ :i~ •y^y<^y ^ hX. B S G Jj^ 4 6 ® (Ml Si V ^ it - ^i' 5 0 -^mWLT ^ 

i: ©iifJE^ -h^twSlfSf :b f^}6<D h (O-T: h ^ tmv^\z^ 7 00*c U±cD^iST»- 

^^^:S<^Pi{-^ S iGe»44COI^gI5*^?.Ge §g ft' ^ t!f f •& <0 5: PJi ih ^ 
JSJC U K - 7* $ tL .-J^ 'J •> 'J 3 ym^i L P C V D}*{r J; <? Jt«L/fc^x 

^ jL y-f- yy\zx Us >; i-^ u 3 Vi?* L-r. ^ i ogftfii^ 

•=ii'<7 ^ 52/i^^)=iUi?i?'>* - 4 3 c i;: y y ^Sr iS ii -i^- T = V^J' 

X $ V ^ 51. SiJi45SO'nUi?^ 5 2 iC ^n^'UMM-t ^ zi V 
T> A 1 la^g 5 6, 5 7. 5 8 ^li^^t^o 
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- B i CMOS (Dm.Mxm<Dm - 

}Sr.IZ^ H B T ( 'N-r n /nW 7 h ^ y i^:^-? ) t il^COC M O S -r-'z-i^ X t 

^^tsB i CMOS t-VnW 7. OiSitXSf:: tel^-Cx ^ a X n y ^ 5 ^ - 3 V $r 

9li^ - X Ji S i G e JCio T^ll^ ^ tl T 1,^ 5 H B T ^#;i/c B i CMOS 

+ ^ 6 2 JgrJ^fiicL iaS«OL O C O S ^*^fflt^-C. N^i ll ^ + 

-K- ^ h 7 > v>X fl^J^Kfl^R bpt M O S h y J^^tS:^ R t *r ^ 

t ^iZs MOS hvV:^;^^?' ?^ JSK II it R n, o =. P M O S F E T 

^i$,Rp^o.t NMO S F E T J^fi)<;^i^R ncosi: ^^^^T 

cKPMo s F E Tm0.m^R<>mosizitNmm)6i^^m e 4;!5^'?^^£$4at i^-So c 

S NM*li6i^^B 6 4 0±:3^A* =1 ^ 6 2 A i: S o 

^D,t^U->'J=JVM66b^Jffi^i>iA^■e^ h m^^itm: 6 6 a ^ 1 CD -t' 

^) 'y ^) ::i yme 6 ht}--ht£^ h U- yf^^S|6 6 ^J^^-t ^ t^\Z^ V U y^^m 

El * ti BS ^ s ts^'s m^iEi^M ^ y yMitm<^&i:f3izii^ =1 ^ ^ Tt- 
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7 6 A, ni(^-*f^ h'^ ^-^^7 9, pm^'mmy-:^ • kw/t xJi? 7, p 

y _X . O^Mm-r^o tit^ NMOSFE Tfl^fXfiiSRn.n 

-'I'ji 74, ^2CD'/-h mitB7 5B, m 2 ©y- h 7 e b, ^1 k 

9;}--;t'7 9. NMteiiiS^V --^ • K W-f >Ji 7 8, NMi« V - ^ ' K 

l^X. PSi/ U 3 6 1 (D±iZ^mi^M.-^r. ^2<DTEOS|K82^ 

«^-t^5>o ^5J{::> ^N'-^ ^'-^ I- ^ yi^7.^?^^^l^RbpC0m2® T E o S^8 

6 2 A3SlO'^2® T EO Sj^8 2CO±i::^ ^- :^mMtf£^ S i G e J^8 4^;^ 

mn^t)^^±izm^^^r>i^^i^^'^^>^'^^^^^^o ^©^^^^ nmosf 

ET&O'PMOSF E T<5D±:^i^^2 0T E O S M 8 2 ^ o t ^ n T l> * O 

■c. ^cD±j:i s i G e ® 8 4 5:?^6S(;-r'g>|5g{^feN nmosfet:&c/pmosf 

E TCDSI^^i^^® G e CDi> a ^ ^- 9 yfc 51 ^ J3 it f S C tjS-'t' 

^{^. [a 8 lC^-rXiglwfcV>Tx S i G em S A<0±\Z±mi^B.':>Xm3(0T 

EO SM8 5 ^i^m^ ^ tzm^ m 3 (ot: eo sM8 --y^^'LX. ms 

(Di E o sms 5\z. s iG e m 8 4(D^\-^-<-:^'mmtt£:h^^(D±^m:^t 

i>^-xm^^=i ^ h,^,8 5 a ^mmtho m3«)TEOSSl85 
S^V7.^^Lr^ SiGe^84<Z^b-ts -^J ^1^ o >- ^ :^ > ^: Jnji ^ ¥ 
4 0KeV^ K-Xfil. 0 X 1 0 '3®/' c m 2(0^#-C"f y&Af S o ^ CD <!: 

G e ji 8 4tcfcj^ s-^-- T^mmm^y^^ h.^8 5 a izmmiri^^<Dmmi^^ 
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O. S 8 5 (D±\Z±m\'M.r>X^ :^MMtfl ST^-'V^TXv^'jzjyjIg 

8 6 ^^ xm^m=: y^:i7h^85a ^ J: O M^l^ 5 3 0 

ilJtiC. T^-'V^ T X?. ij n yj^8 6 (D±JC:^li«;i:o -C^4 (DT E O Sj^S 7 
$rii«$-^;t^s ^4CDTEOSM8 TSLUm 2 CDT^A7 r U =i ^^M8 6 
$f ^N* - ^ y^' L T s T * -7 T X -y U =1 y 8 6 S 4 O T E o s M 8 7 i:: 

$ y m@ m pg p 8 8 ji^fist -r -5 o 

^ ^ y n.®.mmn^s 8^^iL-^4<DTEosj^8 7 cD±iw:i:® 

oX^5<DT EO SM8 9 Jt=S ^ T ^ ^5COTEOS^89iCj:0J^$-yt5' 
mMffiUP^ 8 8 CDM® ^r^-po m«rj;t)> T * ^i' 7 r ;^ ■> 'J =i 8 6 

- ■T' $ n ;t ^ 3 CD rK >; v- y 3 mn $ -d: ^> ma©*' u u 3 y ig t 

T K ^ 'f X V ^ V c?' f' =t ^ X .y ^/N* y ^ fT?'j: o T> 5 -y ^5? MMffl^ P,^ 8 8 
OMP ^^'^>m5©TEOSil8 9(D±{Cs B 3 <D rf. 0 \) ^ yH^i)^ 
<D^^ ->'L- 9 O,^^m.ir^o m^'X^ $^ 3 CO T R O S m S 5 i:^ ^ m 2 

(D^H V^O it - 0 {CfflS nx ^SSiS'^ i y h X y ^ y iJ-'ic J: D 1^* b X 
m3tDTEOSl^8 5i;iJi$y^ =3yt$?^:7 h^85b J^fiK^So 

y-^^h^8 5b]^c;fj:5y ^^Sffli^P^S 8 jS"^ ^ ^ Jl * S J: 

$ M 4 y -y y 3 y n =Sf /N* ^ - - y i?' b Ts x < ^ ^ 9 i 

89s ^4{^TE0SM87s T tl- y r :^ -y ^) =i ^ !^ S 6 ^ ^3<DTEOSj^ 
85fcJ:C;S iGeM84 IC^ t TJliik K 7 x -y ^ y^^nU-:* Xs T-=t;U7 
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y =: y^m 6 n^^Lx. ^j^ii 9 5 o*c. 1 5m<^<^MmnmMm ( r t a ) 

C:CDt^> S iGejf84 co^m^Mtii b'C ^ <DX' ^ ^^7^ yi}^hltTntz 

®s©c V D J; -s/irt3^^iK®?^6£. =1 ^ h ;t->--'i'®j^fi£. ia*t©?^^nc 

BS t t) <Z) ^ t- ^ e, -ErW^-^x RTACDbu{-> M 5 O T E O S 8 9 . ^4 
(DTEOSj^87> T^^l':7r^->'J=>^'^^86> m3(DTE0Sj^85i>J:LK 
S i G e M 8 4 CC>ffl!l®±{-> G e CO ^ <^^ife *r ES it-r 6 + y "/^ <!: b T ^ 

. BIS (b) i'^r yoHr 7.SiJ^P»::*i^-r So 

. /j: jo s R T A CO b5 gij v -C >^ ^ ^ ^ 5 O T E O S 8 

9x ^4C0TEOSM87s T * "7 r X 'J 3 V M 8 6 ^ ^3<DTEOS08 
5*><fcC/S iGe^8 4CDffllJ®±<ws GeC0^4'^CO^i5[^:g5iht'§=t--^ y:7°Jl 

tLxmmir^mitm-*r-( KC? * -^^XJiMfbJK-^^f K - .-u IS: . RTA 
4r^ffl^ :^T'fT?i o T ck i^o c:n{5^ 0 3 ( a ) {ci^I-^'d 

cDTEOSjM89^ ^4cDTEOS1K8 7n T^-'l'7rXi/'J=:Vi^86> ^3 
(DTEOSJP85iiJ;CFS i Ge^84 co{B!l®±tw> G e CO ^ cf- ^ (O f^l tt5[ & E# it 

5S: ^ Jfr 75^ ia> X (O ^ © 5Q.a ffi 7 -f y-?rff''J:-?Tt)c);V^o 1213 ( c 

iiS^x^NM 7.col^3tX@co0iJ-?:(is ±<k Lt S i G e ji S •f-'/<^' jS: 

Msi^ SXgJCOlN-Cl^^ L SiGeCM, GeCM, GeM^ii^^^'t 

x^lr^iiLTt'^ J^^N-^Mit^-Y yf-SSt-^^fc fe^ SiGeC®. G 
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coJ:^/j:ya-fex$yp$r=fT/i-^C<tfrJ;l5> Ge i)^m.^ CD C M O S -r ^ 

t. tz. SiGe^, SiGeC^, GeCji. GeM^iifCOGelr 
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ts^ CO «e; 
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±|BG e SiGe, SiGeC, G e C RfJ G e 0) O 

W o 

Sr> ^C0/*$ W ( n m ) t^toai^Fal t ( m i n ) t d^'TIES^ 
W^O.OlTXt 

±lEXjg ( c ) 1 1 S S S 7)^* 7 5 0 "C U±'^ 8 2 0 "C ^JglO^-^s 

yji 'Sfs ^C5J¥$ W ( n m ) tmi&M.^^^ t ( m i n ) t d-fTIS^ 
W S 0 . 0 4 6 X t 

±Sexig ( c )^c:i>{:^^Si[7{l•''8 2 o°cu±(D^^. 

17'Ji5rs •?:<d;1^ W ( n m ) tft^SP^fe^ t ( m i n ) t d^TIB?^ 
W S 0 . 0 6 3 X t 
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=^ ^ M CO |{j it 5* o 

12. 1 1 cD4i^i*^Eco^ii;^?4f-*i >'^T> 

±|SX@ ( b ) (Om. ±IBG e 5:-g-ti-^#<*ili<^±t:: G e (D^^'^<^M%L^m. 

1 3 . m^m 1 1 xii 1 2 ©#^<*^M«o3a5t*?*f-*>H^"Cx 

±IBG e ?:-i-tr^*i^lM{i> SiGe. SiGeC, GeC. GeC09 ^-^^i 

■ 
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Fig. 2(a) 
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Fig. 3 (a) 
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